The hypothesis that enzyme heterozygosity is associated with decreased morphological variance was tested using eight polymorphic loci and three meristic characters in large samples of the plaice, Pleuronecees platessa. The hypothesis was not corroborated and the conclusion drawn that such a relationship although observed by several other workers may not be a general one.
INTRODUcTION
RELATIONSHIPS between genetical variability and phenotypic variance have received attention from a large number of workers. Older work is well summarised by Lerner (1954) who concluded that genetic homeostasis dependent upon heterozygosity maintains the relative phenotypic uniformity of outbred populations. Inbreeding leads initially to a decrease in phenotypic variance but later to increased variance in many characters (such as those of an anatomical nature) as homozygosity becomes greater. The advent of electrophoretic techniques enabling more objective measures of genetical variability has recently stimulated more work bearing on this question. Mitton (1978) examined three populations of the fish Fundulus heteroclitus for seven morphological characters and five polymorphic enzyme loci: he found that generally heterozygotes had lower phenotypic variation than homozygotes. Eanes (1978) came to a similar conclusion after examining six polymorphic loci and two morphological traits in the monarch butterfly, Danaus plexippus. In contrast, Handford (1980) found no differences in phenotypic variability (using eleven metric characters) between rufous-collared sparrows, Zonotrichia capensis, homozygous or heterozygous at four enzyme loci. Handford points out that unlike Fundulus and Danaus, Zonotrichia is a homiotherm, and suggests that such associations may be found more readily, or only, in poikilotherms and invertebrates.
It is important that this subject be investigated further. The only way in which heterozygotes at specific enzyme loci could generally be associated with a reduction in morphological variability at the level of the individual would be through developmental interactions with the character in question.
Such interactions are not reconcilable with a neutral theory for the origin and maintenance of enzyme polymorphisms, and could only be explained through a selectionist mode!. We present here a further test of the hypothesis, using three morphological characters and eight polymorphic enzyme loci in large samples of the marine fiatfish, Pleuronectes platessa (plaice).
MATERIALS AND METHODS
Samples of older plaice (1+ year classes) were collected by trawling in the Bristol Channel, 1973-77, and off the Great Orme, Anglesey (NE Irish Sea), 1974 and 1976. 0 group plaice (fish less than one year old) were collected by pushnetting in shallow water on the sandy beaches of South Wales (1973-77) , by far the greatest number coming from Pendine Sands, Carmarthen Bay. These 0 group fish and the older Bristol Channel fish are thought to comprise a panmictic and relatively isolated population, with rather little immigration from other Irish Sea or English Channel stocks (Simpson, 1959; Macer, 1972) .
Two meristic characters (caudal and anal fin ray numbers, CFR and AFR respectively) were counted for virtually all fish assayed electrophoretically, and a third such character (dorsal fin ray, DFR) on fish collected in the later stages of the project.
Five polymorphic enzyme loci (Pgm-1, Ada, aGpdh-1, Mdh-2 and Pgi-2) were assayed from muscle tissue of virtually all fish, and a further three polymorphic loci (Idh-2, aGpdh-2 and Sdh) from liver tissue of many of the 1+ (adult) fish. Details of the electrophoretic procedures followed are given in Ward and Beardmore (1977) .
Cross-tabulations and some of the statistical tests were performed using the SPSS computer package. Relationships between morphological variation and enzyme variation were analysed in a variety of ways. Firstly, for each locus the morphological variance (CFR, AFR, or DFR) of homozygotes was compared with the morphological variance of heterozygotes by a one-tailed F-test (Ho: S2 homozygotes = S2 heterozygotes, H1: S2 homozygotes> S2 heterozygotes). Where heterozygotes were more variable than homozygotes, a two-tailed F-test was applied. However, some of the distributions of the morphological characters (particularly CFR) deviate significantly from normality, and could give rise to spuriously high F values (the F-test being particularly sensitive to such deviations). In practice, few F values were statistically significant and therefore one is unlikely to commit a type I error and reject a true null hypothesis. Nevertheless, a second and probably more robust test of the null hypothesis was also applied (Levene, 1960) . For each morphological variable in either the homozygote or heterozygote category a new variable was constructed, y = 1x1 i for each case i, and the two j values (homozygotes and heterozygotes) compared using a t-test, one or two-tailed as before. Thirdly, the distributions of fin ray numbers in homozygous and heterozygous individuals were compared using a 2 x n chi-square test. Adjacent classes were pooled where expected numbers were less than five. This test simply compared distributions, not variances.
RESULTS
Distributions of CFR, AFR and DFR are given in fig. 1 (for the Bristol Channel 0 group fish) and table 1. It will be seen that many show significant skewness or kurtosis, significance levels being assessed by comparing the observed values with their standard errors (Sokal and Rohif, 1969) . In particular, CFR values are right-skewed and peaked. It should also be noted that distributions differ between samples from the Bristol Channel and the Great Orme. For example, mean DFR count is lower in the Great Orme fish and the CFR mean and variance are higher.
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Probability levels used throughout this article:
*0.05 > F> 0 01, **0,01 >P>0.001, <0001. Table 2 shows that AFR and DFR counts are highly correlated with one another in all three samples, with correlation coefficients between about 0•6 and 0•7. These two characters are expected to be developmentally related to one another. Correlations between CFR and AFR or DFR are low, and attain statistical significance in the Bristol Channel fish only through the large sample sizes. Interestingly, the correlations are in different directions in the Bristol Channel and Great Orme fish, being positive and negative respectively. The CFR/AFR and CFR/DFR correlations are sufficiently low that CFR can be considered, for practical purposes, to be an independent character. The non-independent nature of AFR and DFR counts should be borne in mind when considering the following results.
Heterozygosities for each locus are generally similar over the three samples. The only significant exception is for Pgi-2, where the Great Orme fish are significantly more heterozygous than the Bristol Channel adults (P = 0019). Heterozygosity levels can be assessed from tables 3 and 4, and allele frequencies for the earlier collections of Bristol Channel (BC) and Great Orme (GO) fish are given in Ward and Beardmore (1977) .
Genotype frequencies do not deviate from Hardy-Weinberg expectations.
Tables 3 and 4 compare morphological variation in homozygotes and heterozygotes using the three tests outlined earlier. Such tests are clearly at their most powerful when the two classes of genotypes are approximately equally abundant. Thus the most rigorous tests are those involving Pgm-1 (heterozygosity of BC adults = 0.51), followed by Ada and aGpdh-2 (0.43), Idh-2 and Sdh (0.59 and O41 respectively), aGpdh-1(0.24), Mdh-2 (0.22) and finally Pgi-2 (010). Table 3 presents the results of 45 tests (3 meristic characters x 5 loci x 3 samples). It can be seen that the results of the F and t-tests are in general agreement with one another, F values greater than one generally being associated with positive t values (signifying greater homozygote variability)
and F values less than one associated with negative t values. F values greater than one and positive t values were observed in 25 and 21 instances respectively, numbers very close to those expected on a random basis.
Homozygotes were significantly more variable than heterozygotes in only two F-tests and two t-tests, and significantly less variable in three F tests and three f-tests. Two of the 45 chi-square tests demonstrated different fin ray distributions between homozygous and heterozygous classes. Table 4 presents the results of a further nine tests (the three meristic characters x 3 additional loci in the BC adult population). Six of both the F and f-tests show homozygotes to be the more variable, but none of these is statistically significant. The one f-test to give a significant result shows heterozygotes to be the more variable. One chi-square test is significant. The general conclusion from these results must be that there is no evidence from this material to support the hypothesis that homozygotes are significantly more variable morphologically than heterozygotes. It may be argued that the three fish samples analysed here are each rather heterogeneous. For example, the 0 group and BC 1+ group fish came from collections made between 1973 and 1977. The 1+ fish are also composed of different age classes. However, we have no reason to suppose that such aggregation conceals any real associations. The four sets of 0 group fish (1973, 1974, 1975 and 1977) were assessed separately by each of the three tests, but the same general picture of small and random associations emerged.
Another way of examining relationships between morphological variability and genetic heterozygosity is to look at multi-locus heterozygosity. Since virtually all fish were typed at the five loci Pgm-1, Ada, aGpdh-1, Mdh-2 and Pgi-2, each fish can be assigned a heterozygosity score ranging from 0 (all five loci homozygous) to 5 (all heterozygous). The variance for each meristic character for each of the five genetic classes can then be assessed. If heterozygosity were associated with a reduction in morphological variability, then one might expect to see a progressive decrease in variance as multi-locus heterozygosity increases. There are no consistent indications of such a trend ( fig. 2 and table 5 ).
Discussior
The distributions of three meristic characters in the plaice (two of which are highly correlated) are independent of homozygosity or heterozygosity at five to eight enzyme loci. The hypothesis that heterozygotes should, in general, show reduced morphological variance in comparison with homozygotes is thus not supported. These findings agree with those of Handford (1980) for the bird Zonotrichia capensis, but contrast with the results of Mitton (1978) for the fish Fundulus heteroclitus and Eanes (1978) for the butterfly Danaus plexippus. The results of the latter two authors were consistent with the hypothesis. Eanes (1981) has commented that Handford's data set was too small to test the hypothesis realistically: such a criticism cannot be levelled at our data. It is not easy to account for these varying results, although experimental designs and methods and analysis differ between studies, making direct comparisons difficult. Mitton studied seven meristic characters and five polymorphic enzymes, Handford eleven metric characters and four enzymes. Their sample sizes were small compared with the present study. Eanes measured two metric characters and about 1300 individuals were assayed at each of six loci. Both Eanes and Mitton found it difficult to account for their finding that enzyme heterozygotes are more variable morphologically than homozygotes; in particular they found it surprising that such effects should be observed when only five or six loci were screened out of the thousands expected to be polymorphic. Handford suggested that the reason he failed to find any associations may be because he was examining a homiotherm, and that any such associations may be more striking in invertebrates and poikilotherms. The present study shows that the hypothesis may not, in fact, hold generally even for poikilotherms. Another relevant study is that of Beardmore and Shami (1979) , working on experimental populations of the guppy, Poecilia reticulata. They demonstrated the action of very strong stabilising selection for caudal fin ray number, and further found that the central (optimal) CFR phenotypes were significantly more heterozygous (over four enzyme loci) than more extreme phenotypes. Central fin ray phenotypes in the plaice are no more heterozygous than extreme phenotypes, but older age classes show little reduction in morphological variance. This implies that stabilising selection for CFR, AFR and DFR counts in plaice is weak or absent, at least over the age range analysed. (Very young 0 group fish, of lengths less than 2 cm, were not assayed.) We might then speculate that where stabilising selection can be shown to operate on a quantitative character, an association between heterozygosity and phenotypic variation in that character is more likely to be found than in cases where no stabilising selection is demonstrable.
Unfortunately we do not know whether stabilising selection was operating on the quantitative characters assayed by Mitton (1978) , Eanes (1978) or Handford (1980) . Clearly many more studies are required before any general conclusions can be drawn concerning relationships between enzyme heterozygosity and morphological variability. The data presented here are clearly consistent with the expectations of neutrality theory, but do not, of course, refute selectionist theory.
